Honey bees are exposed to a variety of environmental stressors that impact their health, 15 including nutritional stress, pathogens, and chemicals in the environment. In particular, there has 16 been increasing evidence that sublethal exposure to pesticides can cause subtle, yet important 17 effects on honey bee health and behavior. Here, we add to this body of knowledge by presenting 18 data on bee-collected pollen containing sublethal levels of cyhalothrin, a pyrethroid insecticide, 19 which, when fed to young honey bees, results in significant changes in lifespan, nutritional 20 physiology, and behavior. For the first time, we show that when young, nest-aged bees are 21 presented with pollen containing field-relevant levels of cyhalothrin, they reduce their 22 consumption of contaminated pollen. This indicates that, at least for some chemicals, young bees 23 are able to detect contamination in pollen and change their behavioral response, even if the 24 contamination levels do not prevent foraging honey bees from collecting the contaminated 25 pollen. 26 109 cages of 60 bees were fed either no pollen (replicate 1=7 cages, replicate 2 = 8 cages, replicate 110 3=20 cages, total n=35 cages), a polyfloral blend of pollen (replicate 1=7 cages, replicate 2=9 111 cages, replicate 3=19 cages, total n=35 cages), Salix sp. pollen (replicate 1=5 cages, replicate 2=5 112 cages, replicate 3=5 cages, total n=15 cages) or Taraxacum sp. pollen (replicate 1=6 cages, 113 replicate 2=5 cages, replicate 3=11 cages, total n=22 cages). Cages were set up by removing 114
Introduction 27
Pollinators are a critical element in healthy ecosystems and key players in sustainable 28 crop production (Ashman et al. 2004 , Klein et al. 2007 , Aizen et al. 2009 ). Native and managed inside of most honey bee hives . It is well-known that pesticide-contaminated 50 pollen is often collected by foraging workers and brought into colonies; exposure to this pollen 51 can then result in negative impacts on bee health ( 53 One common class of insecticides, the pyrethroids, is used on a wide variety of crops, 54 including many orchard crops such as almonds, apples, and cherries (Epstein et al. 2000) , and is 55 the most prevalent class of insecticides found in bee-collected pollen . 56 Pyrethroids have reported repellant effects on honey bee foragers, and exposure causes already- if there is reduced foraging, pyrethroid-contaminated pollen is being collected by forager bees at 63 a non-negligible level. However, while foraging workers collect this pollen and bring it into the 64 hive, they rarely consume or store pollen themselves; instead, younger hive bees accept, process 65 and consume this pollen (Winston 1987) . After contaminated pollen reaches the hive, there is 66 still much we do not know about how hive bees accept or reject such pollen and to what extent it 67 is consumed. This is a key gap in our knowledge, and filling it would provide important 68 information about actual exposure of hive bees to insecticides and their health effects, as well as 69 valuable information about whether bees have behavioral mechanisms that allow them to avoid 70 contaminants in their food. 71 To address these gaps in our knowledge about the responses of bees to field-relevant 72 doses of pesticides, we took advantage of some readily available, bee-collected pollen that was 73 discovered to be contaminated with lambda-cyhalothrin, a common pyrethroid insecticide (e.g., 74 Karate®). Cyhalothrin levels in this pollen were moderate to high, containing levels below the 75 reported LD50 (790 ppb), but higher than the average found in previous surveys of bee hives 76 . We first performed a series of experiments that tested the effects of bee-77 collected pollen from several different plant sources, each contaminated with different levels of 78 cyhalothrin, on the survival, nutritional physiology, and pollen consumption behavior of young, 79 laboratory-kept bees. Next, we used a more refined approach by comparing matched pollen 80 sources that had been experimentally spiked with controlled, field-relevant doses of cyhalothrin. 81 We then observed pollen consumption behavior in both cages of bees in the laboratory and in 82 small nucleus hives kept in the field. Our data show effects of pollen source and contamination 83 on survival and nutritional physiology, and also show that young honey bees change their 84 behavior towards pollen contaminated with this insecticide to reduce pollen consumption.
86

Methods
87
Bee collected pollen acquisition and pesticide testing 88 We purchased approximately 5 kg of bee-collected, corbicular pollen that had been 89 pooled from hives in a single apiary in southern Minnesota from a commercial, non-migratory 90 beekeeper. All pollen had been collected in a period of less than one week in May 2012. We then 91 sorted the corbicular pollen pieces by color, which is commonly used as a rough metric for 92 species differences (Schmidt et al. 1987 ). Subsequently, we used molecular methods to identify 93 the major plant species that was the source of each of the sorted pollen types by following a 94 barcode protocol using the chloroplast rbcL gene sequence (Little et al. 2004 
107
Feeding of caged bees on unmanipulated bee-collected pollen 108 In August and September 2012, we performed three replicates of experiments where Bees used for the experiment were from healthy colonies, and showed no substantial infection 117 with common honey bee viruses (Supplementary information). Next, 60 bees were counted out 118 by hand into the small acrylic cages (10.16 cm x 10.16 cm x 7.62 cm), which were then stored in 119 an incubation room at 32ºC and 50% relative humidity. After the addition of bees to all cages, 120 cages received approximately 0.2 grams wet weight of ground, bee-collected pollen (or no 121 pollen) and had ad libitum access to a feeder of 50% sucrose solution. Pollen was replaced daily 122 for the first 7 days (pilot experiments showed cessation of pollen consumption by this time), and 123 cages were monitored for mortality daily for 26 days, after which mortality in some treatments 124 was too high to continue. After the first two independent replicates of this design, we anecdotally 125 observed that bees fed the Taraxacum pollen pushed pollen out of their cages ( Fig. 1 ). Therefore, 126 in the third replicate, we also recorded pollen consumption in each cage (polyfloral n=20 cages; 127 Salix n=6 cages; dandelion n=11 cages). To monitor pollen consumption, we added precisely 0.2 128 grams of wet weight pollen to each cage daily, and then carefully removed any remaining pollen 129 24 hours later. This pollen was then dehydrated in a drying oven for 48 hours, and its mass 130 compared to the dry weight equivalent of 0.2 grams wet weight pollen from the same source. In 131 all three replicates, we also collected a subset of 2 bees from each cage at day 14 for analysis of 132 lipid content and the presence of viruses (Supplementary information).
133
To analyze differences in survival between cages in different treatments, we created a For the final replicate, we evaluated differences in pollen consumption by comparing the total 140 pollen consumed per bee during the 6 days of pollen consumption. Since data did not fit 141 normality or homogeneity of variance assumptions, we tested for differences using a Kruskal- 
Feeding of field bees in nucleus hives with experimentally contaminated pollen 181
To test these effects in a field setting, we created three nucleus hives in our research pollen; what pollen was present was removed by scraping out of those cells. Throughout the 187 remainder experiment, forager bees from all treatment groups were free to bring in pollen from 188 outside sources. A 3 cm wooden ring was added to the top of each hive to allow a small dish of 189 pollen to be added on the top bars of the frames without touching the lid of the hive. This 190 approach was repeated three times, with three different nucleus hives, with a total of 9 191 independent hives over a three week period in October 2014. We prepared polyfloral pollen with 192 no added cyhalothrin, 280 ppb cyhalothrin, or 560 ppb cyhalothrin final concentration, as 193 described above, but scaled to 5 g. Each day, 5 g of the appropriate pollen was weighed into a 194 small plastic dish, which was then placed on the center top bar of a hive. With this arrangement, 195 the pollen dish was inside of the hive and gave hive bees access to the pollen for consumption.
196
Twenty four hours later, the dish was removed, the pollen was dried for 48 hours in drying oven, 197 and the dry mass recorded. To control for hive-level effects, treatments were cycled across 198 nucleus hives each day, so that each nucleus hive received each treatment, and a different 199 treatment each day for 5 days per replicate (with a total of 15 days observed) Due to the effects 200 of weather (rain, cold nights), there was large variation in the amount of pollen consumed each 201 day (i.e., on some days, almost no pollen was consumed in any treatment, as bees remained 202 clustered in the hive). To control for this, we calculated an average amount of pollen consumed 203 among the focal hives each day, and then compared the amount of pollen a hive consumed to that 204 average. This allowed for normalization for days in which very little pollen was consumed across 205 the experiment versus days when a large quantity was consumed. Using the quantity of pollen To distinguish whether the above effects on honey bee survival were due to consumption 228 of unhealthy pollen or due to reduced pollen consumption (or a combination of the two), we 229 observed consumption levels of the different pollen sources. In cages of honey bees fed field-230 collected pollen, there were some significant differences in total pollen consumption between the 231 groups (Fig. 1, 3) . Over 5 days, the pollen consumed per bee per day did not differ between p<0.05). Polyfloral pollen-fed bees (n=40) did not have significantly different lipid stores than 243 bees fed Salix sp. (n=16; Tukey HSD, p>0.05), but did have higher lipid levels than bees fed no 244 pollen (n=40) and bees fed Taraxacum sp. pollen (n=19; Tukey HSD, p<0.05). There were no 245 significant differences in lipid content between bees fed Salix sp., no pollen, or Taraxacum sp., 246 showing that, overall, bees fed polyfloral pollen had the highest lipid content, bees fed Salix sp. 247 had intermediate lipid stores (not significantly different from any other treatment group) and 248 bees fed no pollen or Taraxacum sp. had the lowest (Fig. 4 ). 251 Mortality effects of cyhalothrin-treated polyfloral pollen 252 Based on our findings from cages fed unmanipulated pollen, we hypothesized that the 253 observed effects were caused by the sublethal contamination of some of the pollen sources, e.g. 254 the Taraxacum sp. pollen, with cyhalothrin. However, this finding was confounded by the 255 different levels of contamination in different pollen sources. Therefore, we artificially 256 contaminated our polyfloral pollen blend with cyhalothrin levels similar to those found in field-257 collected pollen. In these cages, there were no significant differences in mortality due to pollen Pollen consumption 262 We also evaluated whether pollen consumption was influenced by pollen source or cyhalothrin 263 contamination alone. When pollen consumption in the cages that received cyhalothrin- 272 Pollen consumption 273 To evaluate if the differences in pollen consumption observed in cages would occur in more 274 field-relevant conditions, we used small nucleus hives in the field to test honey bee consumption 275 of polyfloral pollen with three different cyhalothrin levels: no added cyhalothrin (note levels are 276 not zero, but measured at 82.5 ppb), 280 ppb cyhalothrin-contaminated, and 560 ppb-277 contaminated. We found that when nucleus hives were presented with polyfloral pollen 278 containing either no added cyhalothrin, the same dose found in field pollen (280 ppb) or double 279 that dose (560 ppb), the highest dose resulted in significantly reduced consumption of pollen 280 compared to control (Fig. 6 ). We found that hives consumed significantly less pollen over the 281 daily average when treated with 560 ppb cyhalothrin than controls (repeated measures ANOVA, makes sense in light of the higher cyhalothrin levels detected in this pollen. 313 We also found that bees fed Taraxacum sp. pollen consumed significantly less pollen 314 than counterparts fed polyfloral or Salix sp. pollen ( Fig. 1 and 4) . Because bees will readily ; however, our pollen was collected by foraging honey bees in the 320 field, and therefore must have been at a contamination level below a threshold for repellency.
250
Effect of feeding pollen artificially treated with cyhalothrin insecticide
Nucleus hives fed pollen artificially treated with cyhalothrin
321
Our observations showed, however, that when just young bees (not old bees, such as the foragers 322 that collected the pollen) are presented with this pollen, as they would be in a natural hive 323 setting, they are able to detect contaminants in the pollen and respond by reducing pollen 324 consumption. This reduced consumption was insufficient, however, to fully prevent the 325 detrimental effects of the insecticide (Figs. 2 and 3) . 326 However, it is problematic to make strong inferences about cyhalothrin effects based on 327 observations of bees consuming cyhalothrin in the context of different pollen species. Therefore, 328 we artificially treated our polyfloral pollen blend with cyhalothrin at three concentrations similar 329 to that found in field-collected Taraxacum sp. pollen. When caged bees were fed this pollen, 330 bees consumed significantly less pollen, whether the pollen contained 140 ppb (half of field 331 collected), 280 ppb (identical to field collected) or 560 ppb (double field-collected), compared to 332 controls fed pollen without added pesticide contamination (Fig. 5 ). This shows that, even 333 comparing identical pollen sources, young (nest-aged) bees are less likely to consume pollen 334 containing cyhalothrin at a level acceptable for collection by foraging bees. Surprisingly, when 335 bees were fed polyfloral pollen experimentally treated with insecticide, we did not observe any Our observation that honey bees consume less pesticide-contaminated pollen was also 345 validated in experiments using small nucleus hives in the field (Fig. 6 ). Although the difference 346 in pollen consumption was not as strong as the findings from the cages, the trend of high 347 consumption in controls, intermediate in 280 ppb-fed bees, and low consumption in 560 ppb-fed 348 bees fits the same pattern. This is particularly notable because these nucleus hives contained a 349 mixed age demography, compared to cages kept in the laboratory, which is more representative 350 of full-sized hives. Therefore, our findings suggest that, even if foraging honey bees bring that consume the pollen are. Future work will be necessary to investigate if foraging bees and 398 hive bees simply have different thresholds for pyrethroid repellency, or if the ability of nest 399 honey bees to reject pollen contaminated by insecticides is a more widespread mechanism. 400 401 Acknowledgments: 402 We would like to thank Griffin Smith, Arvin Foell, Giselle Narvaez, and Catie Steinfadt for help 403 with the experiments, and Ali Berens and Jennifer Jandt for comments on the manuscript and 404 statistical advice. This work was supported by USDA-AFRI #2011-04894. 
